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(54) Duration control strategy for a hydraulically actuated engine compression release brake

(57) A method of engine compression release brak-
ing includes an initial step of compressing gas in an en-
gine cylinder. A compression release brake valve is then
opened at least in part by fluidly connecting a brake ac-
tuator to a source of high pressure actuation fluid. Next,

a valve closing timing that results a valve seating veloc-
ity that is less than a pre-determined velocity is deter-
mined. The compression release brake valve is then
closed at the valve closing timing at least in part by fluidly
connecting the brake actuator to a low pressure actua-
tion fluid reservoir.
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Description

Technical Field

[0001] The present invention relates generally to en-
gine compression release braking, and more particular-
ly to a strategy for reducing gas exchange valve seating
velocities during engine braking.

Background Art

[0002] The concept of engine compression release
braking is well known in the art. In general, engine
brakes are designed to open the exhaust valves or a
special compression release valve of a internal combus-
tion engine cylinder near the end of its compression
stroke. As a result, the work done by the engine in com-
pressing the air within the cylinder is not recovered dur-
ing the expansion stroke of the piston, but rather is dis-
sipated through the exhaust system of the engine.
[0003] Engine compression release brakes were first
implemented using a cam to actuate the gas exchange
valve at an appropriate timing. While these cam actuat-
ed braking systems have observed some success, the
industry is driven to produce ever higher braking horse-
powers and to introduce variable timing and control into
compression release braking events. For instance, U.S.
Patent No. 5,586,531 to Vittorio teaches an engine brak-
ing cycle that purportedly achieves higher braking
horsepowers through timing control of certain key
events during a compression release braking cycle.
Other recent innovations include the concept of two cy-
cle engine braking, which is accomplished by perform-
ing a braking event with each upward stroke of a piston.
In still another relatively recent innovation, higher brak-
ing horsepowers are achieved by so called two event
engine braking in which the individual cylinder is briefly
opened to the exhaust manifold when the piston is near
bottom dead center in order to boost the initial pressure
of the cylinder and increase the mass therein. While all
of these strategies can conceivably produce substan-
tially higher braking horsepowers, for realistic imple-
mentation in an engine, there is a need for electronic
control that can produce variable timing of all events in-
dependent of crank angle and engine speed.
[0004] Thus, there is a trend in the industry to intro-
duce electronically controlled compression release
brakes so that braking events can be controlled differ-
ently at different operating conditions. This trend finds
an analogy in fuel systems for engines that have moved
in the direction of permitting electronic control of fuel in-
jection timing and quantity independent of engine speed
and crank angle position. Caterpillar, Inc. of Peoria Illi-
nois has observed considerable success in implement-
ing electronically controlled hydraulically actuated fuel
injection systems into their engines. It is believed that
some of the high speed hydraulic technology developed
in relation to fuel injection systems could also find po-

tential application in actuating engine compression re-
lease brakes with high speed electronically controlled
hydraulics that are independent of engine operating
conditions. However, a switch from cam actuated en-
gine brakes to hydraulically actuated engine brakes is
not without the introduction of new problems. One such
problem relates to limiting valve seating velocities in or-
der to avoid accelerated seat wearing and valve stem
fatigue.
[0005] Valve seating velocities are generally not a
problem in cam actuated systems because the seating
velocities are generally controlled by the shape of the
cam profile to be generally less than about fifty centim-
eters per second. In the case of hydraulically actuated
engine brakes, other strategies must utilized. One strat-
egy includes the use of flow restrictions or so call "snub-
bers" to slow the movement rate of the exhaust valve
member when returning toward its closed position.
While a snubber strategy can reduce valve seating ve-
locities at some operating conditions, there are often
some operating conditions in which valve seating veloc-
ities are still unacceptably high. One source of high seat-
ing velocities can be due to residual high pressure in the
cylinder when the valve member is moving toward its
closed position. Such a circumstance could occur, for
example, when the exhaust valve is commanded to
close when cylinder pressure is still substantially higher
than exhaust manifold pressure. In such a case, the re-
sidual pressure acts on the valve in a manner that tends
to accelerate the same as it approaches its seated po-
sition.
[0006] The present invention is directed to these and
other problems associated with hydraulically actuated
compression release brakes.

Disclosure of the Invention

[0007] A method of engine compression release brak-
ing includes an initial step of compressing gas in an en-
gine cylinder. The compression release brake valve is
then opened at least in part by fluidly connecting a brake
actuator to a source of high pressure actuation fluid. A
valve closing timing is then determined that will result in
a valve seating velocity that is less than a pre-deter-
mined velocity. Finally, the compression release brake
valve is closed at the valve closing timing at least in part
by fluidly connecting the brake actuator to a low pres-
sure actuation fluid reservoir.
[0008] In another aspect, an electronic control module
includes a means for determining a valve opening timing
for fluidly connecting a brake actuator to a source of high
pressure actuation fluid. The module also includes a
means for determining a valve closing timing for fluidly
connecting the brake actuator to a low pressure actua-
tion fluid reservoir that results in a valve seating velocity
that is less than a pre-determined velocity.
[0009] In still another aspect, a hydraulically actuated
engine compression release braking system includes a
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engine compression release brake having a hydraulic
brake actuator. A control valve has a first position in
which the hydraulic brake actuator is fluidly connected
to a source of high pressure fluid, and second position
in which the hydraulic brake actuator is fluidly connected
to a low pressure actuation fluid reservoir. An electronic
control module is in control communication with the con-
trol valve and includes a means for determining a valve
closing timing that results in a valve seating velocity that
is less than a pre-determined velocity.

Brief Description of the Drawings

[0010]

Figure 1 is a schematic illustration of a hydraulically
actuated engine compression release braking sys-
tem according to the present invention;
Figure 2 is a logic flow diagram for performing en-
gine compression release braking according to a
preferred version of the present invention; and
Figure 3 is a graph of valve opening duration in
crank angle degrees versus valve opening timing in
degrees before top dead center according to anoth-
er aspect of the present invention.

Best Mode for Carrying Out the Invention

[0011] Referring to Figure 1, a hydraulically actuated
engine compression release brake system 10 includes
a brake valve 12, which is often an exhaust valve, op-
erably coupled to a hydraulic brake actuator 14. Brake
actuator 14 is fluidly connected to a control valve 16 via
a fluid transfer line 32. Control valve 16 has first position
in which fluid transfer line 32 is connected to a source
of high pressure actuation fluid 18 via a high pressure
line 30, and a second position in which fluid transfer line
32 is fluidly connected to a low pressure actuation fluid
reservoir 20 via a low pressure line 28. The positioning
of control valve 16 is controlled by an electronic control
module 22 via a control communication line 26 in a con-
ventional manner. Attached to, or included as a portion
of, electronic control module 22 is a memory storage de-
vice 24 that has stored therein various data and possibly
formulas or look up tables for use by the electronic con-
trol module in controlling various aspects of engine op-
eration.
[0012] Control valve 16 is preferably biased to a po-
sition that fluidly connects fluid transfer line 32 to low
pressure actuation fluid reservoir 20. This allows engine
compression release brake valve 20 to be biased toward
its closed position by the action of return spring 13.
Thus, return spring 13 pushes piston 15 upward to evac-
uate fluid from brake actuator 14 toward low pressure
actuation fluid reservoir 20. Opening of brake valve 12
is accomplished by moving control valve 16 to a position
that opens a fluid communication between fluid transfer
line 32 and source of high pressure actuation fluid 18.

The pressure in source 18 is preferably high enough to
overcome the action of return spring 13 such that the
high pressure fluid acting on piston 15 pushes the same
downward to open brake valve 12. When current to the
electrical actuator that is part of control valve 16 is ter-
minated, control valve 16 returns to its biased position
and reconnects brake actuator 14 to low pressure actu-
ation fluid reservoir 20.
[0013] Those skilled in the art will appreciate that sev-
eral factors play a role in determining the rate at which
valve member 11 moves from its open position to its
closed position, especially its speed at the time the valve
impacts its seat. Among these factors are the strength
of return spring 13 and the rate at which fluid can be
evacuated from the volume above piston 15. Another
important factor is the pressure differential between the
piston cylinder and the exhaust line, which can result in
a net pressure force acting on valve member 11 pushing
it toward its closed position. Snubbers and other related
technology are directed to controlling the rate at which
fluid can be evacuated from the volume above piston
15, and hence control the impact velocity of valve mem-
ber 11. However, these strategies cannot reliably work
across the engine's operating range unless the pressure
differential at the time of closing between the piston cyl-
inder and the exhaust manifold are such that any pres-
sure force acting on valve member 11 does not over-
whelm other included features for limiting valve impact
velocity. The present invention is directed toward reduc-
ing the pressure differential between the engine cylinder
and the exhaust line at the time the valve is moving from
its open position to its closed position so that cylinder
pressure is effectively removed as a contributor to de-
termining valve impact velocity. In other words, by low-
ering pressure differentials between the piston cylinder
and the exhaust manifold, the rate at which valve mem-
ber 11 moves from its open position to its closed position
is substantially only a function of spring strength 13 and
the rate at which fluid is evacuated from the volume
above piston 15, which can be controlled in a manner
well known in the art.
[0014] Referring in addition to Figure 2, an engine
compression release braking control strategy according
to the preferred embodiment of the present invention is
illustrated. In this strategy, the electronic control module
determines a valve activation delay determination 42
based upon actual rail pressure and actuation fluid tem-
perature. This delay is identified in Figure 2 as SOC/
SOA delay, which stands for start of current/start of ac-
tivation delay. Actual rail pressure refers to the fluid
pressure in the source of high pressure actuation fluid
18, while temperature of the actuation fluid is used to
determine the viscosity of the actuation fluid, which has
a strong influence on determining the delay between the
start of the current to the electrical actuator for control
valve 16 verses when the brake valve 12 actually starts
moving from its closed position toward its open position.
By knowing the performance characteristics of the var-
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ious components of the braking system 10, one prefer-
ably develops a three dimensional look up table or map
of SOC/SOA delay verses rail pressure and tempera-
ture. After retrieving the value from the 3-D map, the
SOC/SOA delay is carried forward in box 44 as time
units, such as milliseconds. The electronic control mod-
ule then converts this delay in time units to a delay in
crank angle degrees 46. This number is used by the
electronic control module to determine at what crank an-
gle current should be sent to the electrical actuator for
control valve 16 in order for the valve to activate at its
desired timing.
[0015] The start of valve activation timing (SOA) is ac-
complished at box 48 as a function of desired braking
torque and engine speed. Those skilled in the art will
recognize that a three dimensional map or look up table
of start of valve activation timing verses engine speed
and desired braking torque can be developed through
conventional testing techniques and stored in a memory
location 24 that is accessible to electronic control mod-
ule 22. This map preferably produces a start of actuation
valve timing as a function of crank angle degree and is
carried forward in box 50. The electronic control module
then combines the SOC/SOA delay from box 46 with the
start of valve activation SOA carried forward from box
50 to arrive at the start of current timing in crank angle
degrees 54. Thus, in order for brake valve 12 to open at
the desired start of valve activation, the electronic con-
trol module sends current to the electrical actuator for
control valve 16 at the start of current timing identified
in box 54. The next step in the process is to determine
an end of current (EOC) in crank angle degrees as in
box 60 in order to define the end of one engine braking
event. In other words, one engine braking event is de-
fined by the start of current and the end of current.
[0016] In order to determine the end of the current,
the present invention utilizes a braking duration deter-
mination 40 that can be accomplished in a variety of
ways depending upon the desired accuracy of the result
and other factors. In the embodiment illustrated in Fig-
ure 2, a look up table or 3-D map of valve opening du-
ration 52 is stored at a storage location 24 accessible to
electronic control module 22. This 3-D map calculates
the necessary duration of the valve opening in order for
the valve impact velocity to be below a pre-determined
maximum, such as sixty centimeters per second. In the
preferred version, this three dimensional map of valve
opening duration is a function of engine speed and the
start of valve activation timing (SOA). This look up table
or 3-D map is created through appropriate testing at a
variety of engine speeds. In other words, one can de-
termine a valve opening duration for a given engine
speed and start of valve activation that will result in a
relatively low pressure differential between the engine
cylinder and the exhaust manifold at the time current to
the electrical actuator for control valve 16 is terminated
(EOC). In this way, if the other features, including return
spring 13 and the fluid evacuation rate above piston 15,

are chosen to result in a pre-determined valve seating
velocity, then by choosing an appropriate valve opening
duration, pressure forces will be substantially removed
from the equation determining valve seating velocity. In
other words, the valve seating velocity will be kept below
a pre-determined seating velocity, which is primarily a
function of performance characteristics of engine brake
valve 12, brake actuator 14, control valve 16, etc. After
retrieving the desired valve opening duration from de-
termination 52, the duration in crank angle degrees 56
is carried forward. Finally, the end of current in crank
angle degrees 60 is calculated by adding the start of cur-
rent in crank angle degrees 54 to the valve open dura-
tion in crank angle degrees 56. The end result should
be an engine braking event that produces a desired
amount of retarding torque on the engine and a valve
impact velocity that is less than a pre-determined veloc-
ity.
[0017] Referring to Figure 3, a 2-D map or look up ta-
ble of valve open duration in crank angle degrees is
graphed against the start of valve activation (SOA) in
crank angle degrees before top dead center. Thus, the
strategy of Figure 3 is similar to that of Figure 2 except
that the valve open duration no longer takes into con-
sideration engine speed. In this example strategy en-
gine brake valve 12 is never commanded to close before
the piston reaches top dead center, regardless of when
the valve opens. Furthermore, this strategy maintains
the valve open passed top dead center when the same
opens less than 40° before top dead center. Through
testing, this strategy for an individual application could
successfully insure substantially complete blow down of
pressure from the engine cylinder before the brake valve
is commanded to close.
[0018] Those skilled in the art will also appreciate that
the graph of Figure 3 could be incorporated as a look
up table or 3-D map in a relatively straight forward man-
ner into memory storage device 24 that is accessible to
electronic control module 22. Those skilled in the art will
appreciate that the present invention also contemplates
other alternatives to the 3-D map valve opening duration
52 of Figure 2 and the two dimensional map of valve
opening duration verses start of valve activation of Fig-
ure 3. For instance, a hybrid of the two strategies might
be to utilize the simple strategy of Figure 3 unless engine
speed is above some pre-determined speed in which
case a different strategy is used. This different strategy
above the pre-determined engine speed could be to uti-
lize a 3-D map such as that illustrated in Figure 2 or pos-
sibly set a valve closing timing to occur at a fixed crank
angle degree, such as for instance 60° past top dead
center in order to insure adequate blow down of pres-
sure from the engine cylinder before the same is com-
manded to close. Such a strategy would be confirmed
through testing before being implemented in an individ-
ual engine application to insure that the valve closing
timing results in a valve impact velocity that is less than
a pre-determined velocity.
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Industrial Applicability

[0019] The present invention finds potential applica-
tion in many electronically controlled engine compres-
sion release brake system, but is particularly applicable
to electronically controlled hydraulically actuated engine
brake systems. The present invention is preferably im-
plemented by first designing engine brake components
to produce valve impact velocities that are less than a
pre-determined velocity. Preferably, the various compo-
nents are designed to produce an impact velocity less
than about sixty centimeters per second in order to allow
the valve member and seating component to be manu-
factured from time tested materials that have shown sat-
isfactory resistance to wear and fatigue. Over many
years, engineers have come to recognize that cam ac-
tuated valves are designed to have impact velocities
less than about 60 centimeters per second, and often
as low as 30 to 40 centimeters per second. Once the
system design is shown to produce impact velocities
less than the pre-determined velocity, the next step is to
take steps to insure that pressure differentials between
the piston cylinder and the exhaust manifold are suffi-
ciently low as to not overly influence the closure rate of
the engine brake valve, which is typically the engine's
exhaust valve.
[0020] Determining valve opening durations that in-
sure adequate blow down before the valve is command-
ed to close can be accomplished in any of the illustrated
manners and any suitable variations thereon. Among
these illustrated strategies are a valve opening duration
that is a function of engine speed and valve opening tim-
ing, a two dimensional strategy in which valve opening
duration is a function of only the valve opening timing,
and a third strategy in which the valve closing timing is
set to occur at some pre-determined crank angle after
top dead center. In general, the first alternative will likely
result in the lowest consumption of power as resulting
in efficient valve opening durations, but will likely involve
considerable more data processing and memory stor-
age demands for a relatively large three dimensional
map or look up table. The last alternative of simply set-
ting a fixed valve closing timing that occurs at some point
after piston top dead center could be relatively affective
and simple to implement, but in practice could result in
an excessive power draws since the electrical actuator
for the control valve 16 (Fig. 1) would often be held open
far longer than would be necessary to accomplish the
goals of the present invention. In any event, implemen-
tation of any of these strategies should result in the abil-
ity to perform engine braking events across all engine
operating conditions while maintaining impact velocities
below a pre-determined velocity.
[0021] Those skilled in the art will appreciate that var-
ious modifications could be made to the illustrated em-
bodiments without departing from the intended scope of
the present invention. Thus, those skilled in the art will
appreciate that any of the disclosed alternatives or com-

binations thereof could be implemented in different com-
binations depending on such concerns as accuracy, da-
ta processing capabilities, data storage abilities and
power consumption, etc. Those skilled in the art will ap-
preciate that other aspects, objects and advantages of
this invention can be obtained from a study of the draw-
ings, the disclosure and the appended claims.

Claims

1. A method of engine compression release braking,
comprising the steps of:

compressing gas in an engine cylinder;
opening a compression release brake valve at
least in part by fluidly connecting a brake actu-
ator to a source of high pressure actuation fluid;
determining a valve closing timing that results
in a valve seating velocity that is less than a
predetermined velocity;
closing the compression release brake valve at
the valve closing timing at least in part by fluidly
connecting the brake actuator to a low pressure
actuation fluid reservoir.

2. The method of claim 1 wherein said determining
step includes a step of determining a valve opening
timing.

3. The method of claim 2 wherein said step of deter-
mining a valve closing timing includes a step of de-
termining a valve open duration as a function of said
valve opening timing.

4. The method of claim 3 wherein said step of deter-
mining a valve open duration includes a step of ac-
cessing a look-up table of valve open duration ver-
sus valve opening timing.

5. The method of claim 3 including a step of estimating
engine speed; and

determining a valve open duration as a func-
tion of said valve opening timing and engine speed.

6. The method of claim 5 wherein said step of deter-
mining a valve open duration includes a step of ac-
cessing a look-up table of valve open duration ver-
sus valve opening timing and engine speed.

7. The method of claim 1 wherein said step of deter-
mining a valve closing timing includes a step of set-
ting the valve closing timing to occur at a fixed en-
gine crank angle.

8. The method of claim 1 wherein said predetermined
velocity is 60 cm/sec.
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9. The method of claim 1 including a step of setting
the valve closing timing to occur before a beginning
of an exhaust event.

10. An electronic control module comprising:

means for determining a valve opening timing
for fluidly connecting a brake actuator to a
source of high pressure actuation fluid; and
means for determining a valve closing timing for
fluidly connecting the brake actuator to a low
pressure actuation fluid reservoir that results in
a valve seating velocity that is less than a pre-
determined velocity.

11. The electronic control module of claim 10 wherein
said valve closing timing is a function of the valve
opening timing.

12. The electronic control module of claim 11 including
means accessing a look-up table of valve open du-
ration versus valve opening timing.

13. The electronic control module of claim 11 including
means for estimating engine speed; and

means for accessing a look-up table of valve
open duration versus valve opening timing and en-
gine speed.

14. The electronic control module of claim 11 wherein
said means for determining a valve closing timing
includes a means for setting the valve closing timing
to occur at a fixed engine crank angle.

15. The electronic control module of claim of claim 11
wherein said predetermined velocity is 60 cm/sec.

16. A hydraulically actuated engine compression re-
lease braking system comprising:

an engine compression release brake including
a hydraulic brake actuator;
a control valve having a first position in which
said hydraulic brake actuator is fluidly connect-
ed to a source of high pressure fluid, and a sec-
ond position in which said hydraulic brake ac-
tuator is fluidly connected to a low pressure ac-
tuation fluid reservoir; and
an electronic control module in control commu-
nication with said control valve and including
means for determining a valve closing timing
that results in a valve seating velocity that is
less than a predetermined velocity.

17. The braking system of claim 16 wherein said valve
closing timing is a function of a valve opening tim-
ing.

18. The braking system of claim 17 wherein said valve
closing timing is a function of engine speed.

19. The braking system of claim 16 including a look-up
table of valve closing timing versus at least one oth-
er variable and being stored in a location accessible
to said electronic control module.

20. The braking system of claim 16 wherein said pre-
determined velocity is 60 cm/s.

9 10



EP 1 247 949 A2

7



EP 1 247 949 A2

8



EP 1 247 949 A2

9


	bibliography
	description
	claims
	drawings

